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Hypoplastic left heart syndrome (HLHS) with intact orrestrictive atrial septum is associated with mortality ashigh as 50% to 80%.1,2 There is a theoretical benefitto in utero creation of an atrial septal defect, although
to date this procedure has been associated with a high mortality
without conclusive improvement in survival or alteration of he-
modynamics.1,3 We describe the case of a patient successfully
treated by in utero atrial septostomy who subsequently progressed
through the complete cavopulmonary shunt procedure. To our
knowledge, this is the first such case to be described in the
literature.
Clinical Summary
Prenatal history. At 20 weeks’ gestation, a fetal echocardio-
gram demonstrated severe aortic stenosis with minimal antegrade
flow and a dilated, poorly contractile left ventricle. Four weeks
later there was progression to HLHS. No interatrial flow could be
demonstrated and the pulmonary venous flow pattern was consis-
tent with severe obstruction (Figure 1).
In utero atrial septostomy. At 28 weeks’ gestation, the
patient was evaluated for fetal intervention. After discussion with
the involved services, the mother wished to proceed with at-
tempted fetal intervention but declined laparotomy. Under epidural
anesthesia, septoplasty was unsuccessful owing to poor fetal ori-
entation and borderline ultrasonic visualization. The fetus tolerated
the procedure well but had a pleural effusion that resolved over the
next 10 days. At 30 weeks’ gestation, the mother agreed to a
second attempt under general anesthesia, with a laparotomy if
needed. The procedure was performed under general anesthesia. A
laparotomy was required to yield adequate fetal positioning.
Through direct manipulation, the fetus was maneuvered into po-
sition for placement of a 19-gauge thin-walled needle through the
uterine wall, the fetal thorax, the right atrial wall, and the atrial
septum into the fetal left atrium. Static balloon septoplasty was
performed with three balloon inflations (maximum of 4 mm), and
a jet of low-velocity left–to–right flow could be seen on color
Doppler (Figure 2).
Follow-up fetal echocardiograms demonstrated continued pa-
tency of the atrial septal defect. Pulmonary venous flow velocity
initially normalized and then subsequently showed a mildly re-
strictive pattern (Figure 1).
Postnatal hospital course. Postnatally, the patient’s diag-
nosis of HLHS was defined with poor right ventricular function
and a restrictive atrial septum. He was in relatively stable
condition immediately after birth and underwent balloon atrial
septostomy at about 36 hours of age for a mean interatrial
gradient of 21 mm Hg. He subsequently underwent Norwood
palliation 6 days after birth. This involved aortopulmonary
anastomosis with arch reconstruction, a 6-mm polytetrafluoro-
ethylene (Gore-Tex conduit; W. L. Gore & Associates, Inc,
Flagstaff, Ariz) conduit from the right ventricle to the pulmo-
nary artery, and atrial septectomy. Intraoperatively, the atrial
septum was noted to be markedly hypertrophic. There was no
evidence of pericardial adhesions.
At 5 months of age, the patient successfully underwent a
bidirectional cavopulmonary anastomosis and left pulmonary
arterioplasty. Worsening cyanosis prompted complete cavopul-
monary anastomosis with an 18-mm extracardiac conduit and a
repeat atrial septectomy at 24 months of age. The atrial septum
had become restrictive again, with a mean gradient of 10 to 12
mm Hg. Six months after discharge, the patient continues to do
well.
Discussion
HLHS, characterized by a small left ventricle and a hypoplastic
aortic arch, is present in as many as 1 in 10,000 live births.4
Surgical palliation after birth is associated with a high morbidity
and mortality even with the current surgical interventions. A
significant risk factor, with a mortality of 50% or more, is an intact
or restrictive atrial septum, resulting in left atrial hypertension and
an increase in pulmonary venous pressure.2,5 There are significant
theoretical advantages to in utero palliation, including improved
circulation and potential for improved structural and functional
development. Therefore, fetal interventions including balloon1 or
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laser atrial septostomy3 have been pursued. Although some centers
have shown improvement in the size of the interatrial communi-
cation by using fetal echocardiography, significant procedural
mortality with variable clinical improvement has been seen in the
earliest published results.1
Conclusions
HLHS with intact or restrictive atrial septum is associated with
high mortality. There is a theoretical benefit to in utero creation of
an atrial septal defect, although to date this procedure is associated
with high mortality and there has been no conclusive improvement
in survival or alteration of hemodynamics. To our knowledge, this
is the first patient described in the literature who has undergone in
utero atrial septostomy and completed the 3 palliative stages.
Although results of this procedure have been variable, this palli-
ation can potentially have a significant positive impact in select
patients.
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Figure 1. Right upper pulmonary venous flow
patterns by Doppler ultrasound. A, Before septo-
plasty with a highly restrictive pulmonary venous
flow pattern. B, After septoplasty with a normal
pulmonary venous flow pattern.
Figure 2. A, Fetal sonogram showing HLHS with
intact atrial septum. B, In utero static balloon
atrial septoplasty: The 4-mm balloon (white ar-
rows) is inflated across the atrial septum (dark
arrows.) C, Fetal echocardiogram 4 days after
septostomy showing jet of left-to-right flow
(large arrow) from the somewhat dilated left
atrium (LA) to the right atrium (RA) through the
newly created atrial septal defect. There is a
small jet of mitral insufficiency (small arrow). LV,
Left ventricle; RV, right ventricle.
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